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THE CAMBIUM AND ITS DERIVATIVE TISSUES 
NO. VIII. STRUCTURE, DISTRIBUTION, AND DIAGNOSTIC 
SIGNIFICANCE OF VESTURED PITS IN DICOTYLEDONS 

I. W. Bailey 

With four text figures and plates 61-63 


INTRODUCTION 

In connection with an extended investigation of plasmodesma, I 
have had occasion to examine the cell walls and the pit membranes of 
a wide range of Gymnosperms and Angiosperms. It is evident that 
many of the structures in the tissues of the higher plants which are 
hypothesized as evidence for the existence of protoplasmic connections 
can not be interpreted as such. 

The bordered pits in the vessels of the Leguminosae and of certain 
other families of Dicotyledons are referred to as “sievelike” or ‘‘cribri¬ 
form,” a nomenclature based upon the assumption that the pit mem¬ 
branes are perforated by numerous small openings through which 
protoplasmic connections occurred in the immature vessel members. 
The sievelike appearance described by Dutailly (1), Jonsson (4), and 
others is not due to perforations of the pit membrane, but, as will be 
shown on the following pages, to minute outgrowths from the free 
surface of the secondary walls. 

Although the so-called cribriform pits of tracheary tissue lose much 
of their putative physiological significance, they appear to be of con¬ 
siderable value both in the systematic study of woods and in discussions 
concerning the relationships and classification of specific groups of 
Dicotyledons. 

STRUCTURE OF VESTURED (CRIBRIFORM) PITS 

In unstained longitudinal sections of the wood of the Leguminosae, 
Myrtaceae, Polygonaceae, Lythraceae, Combretaceae, and of a number of 
other representatives of the Dicotyledons, the bordered pits have, in 
surface view, a punctate appearance due to the presence of refractive 
processes of varying forms. In sections treated differentially with 
Haidenhain’s haematoxylin and safranin, these processes are deeply 
stained and, in photomicrographs, appear as dark spots (Plate 61, figs. 
1, 3, 5, and 7) or as reticulate structures (Figs. 2, 4, and 6) on a lighter 
colored background. By carefully focusing at successive levels it is 
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possible to demonstrate that there are two entirely independent sets of 
deeply-staining processes in each bordered pit-pair and that the punc¬ 
tate appearance of the bordered pits in surface view is not due to an 
unevenly thickened or perforated pit membrane. 

Owing to the small size of the pits and to the thickness of the walls 
in the tracheary elements of most Dicotyledons, the internal structural 
details of bordered and half-bordered pit-pairs may be observed most 
accurately in sectional rather than in surface views. It should be 
emphasized in this connection, however, that for this purpose extremely 
thin sections, 5-7 microns, are essential. The pits illustrated in Plate 61, 
fig. 7 are shown in section in Plate 62, fig. 10. The thick, imperforate 
pit-membranes are in the median position, and the pit apertures and pit 
chambers are clearly visible. The dark-colored, toothlike processes 
obviously are attached to the overarching walls of the pit chambers and 
are not connected with the pit membranes. The more massive papillae 



Text figure 1. Comkrf.tum species. (A) Sectional view of bor¬ 
dered pit-pairs in the walls of adjacent vessels, showing coralloid out¬ 
growths from the overarching walls ol the pit-chambers. (B) Sectional 
view of half-bordered pit-pair in the adjacent walls of a vessel (right) 
and of a parenchymatous element (left). The bordered pit is vestured, 
hut the simple pit is not. 


are attached. close to the margins of the pit apertures and project 
diagonally towards the center of the pit chambers. Thus, in Plate 61, 
fig. 7, they are visible through the pit apertures, whereas the smaller 
peripheral papillae, on the contrary, are partly obscured by the inter¬ 
vening portion of the secondary wall. Plate 62, fig. 8 and Text fig. 1A 
are sections through the bordered pits illustrated in Plate 61, fig. 5. In 
these pits, as in the preceding ones, the deeply-stained processes are 
attached to the overarching walls and project into the pit chambers. 
They are characterized by having a distinctly branched or coralloid 
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structure, however. The pit membranes are shown in the median 
position in Text fig. 1, whereas in Plate 62, fig. 8 they are rumpled and 
deflected to the right or left. A somewhat different .type of structure is 
shown in Plate 62, fig. 11, a section through the bordered pits illustrated 
in Plate 61, fig. 4. Here the dark-colored processes form loose mats of 
branching and anastomosing filaments which are attached to the over¬ 
arching walls of the pit chambers. Denser mats of finer texture which 
occlude the pit chambers are illustrated in Plate 61, fig. 2 and Plate 63, 

fig. 17. 



Text figure 2. Eugenia dichotoma DC. Sectional view of bor¬ 
dered pit-pair in the walls of adjacent fiber-tracheids, showing papillary 
projections from the margins of both the inner and the outer apertures. 



A B 


Text figure 3. Parashorea plicata Brandis. (A) Sectional view 
of bordered pit-pair in the adjacent walls of a vessel (left) and of a short 
tracheid (right). Mats of fine texture fill the entire pit-cavities and 
project more or less into the lumens of the cells. (B) Sectional view of 
half-bordered pit-pair in the adjacent walls of a vessel (right) and of a 
parenchymatous element (left). The bordered pit is vestured, hut the 

simple pit is not. 

The papillary, coralloid or filamentous processes are not confined to 
the pit chambers in all cases. As shown in Plate 62, fig. 12 and Text 
fig. 2, they may be attached to the margins of both the inner and the 
outer apertures. They may fill the entire pit cavities and project more 












262 


JOURNAL OF THE ARNOLD ARBORETUM 


[ VOL XIV 


or less into the lumens of the cells (Plate 62, fig. 9 and Text fig. J.4). 
Not infrequently they occur on the inner surface of the secondary walls 
of the vessels (Text fig. 4 and Plate 63, fig. 16) as well as within the 
bordered pits. They appear to be confined to tracheary elements, how¬ 
ever. Thus, in half-bordered pit-pairs, they are present in the bordered 
pits of the tracheary elements but are absent in the simple pits of the 
adjoining parenchymatous cells (Plate 62, fig. 13 and Plate 63, fig. IS, 
Text figs. IB and 3B). 



Tkxt figure 4. Vochysia honDUren sis Sprague. Sectional view of 

bordered pit-pairs in the walls of adjacent vessels, showing branched and 
anastomosing projections from the overarching walls of the pit-chambers 
and from the inner surfaces of the vessels. 


In view of such facts as these, the terms sievelike or cribriform obvi¬ 
ously should not be used in discussing the structures originally described 
by Dutailly and Jonsson. The terms vestured pits and vestured walls 
have been substituted for them by the Nomenclature Committee of the 
International Association of Wood Anatomists. 


DEVELOPMENT OF VESTURED PITS 


A priori, the structure of vestured pits and of vestured walls might 
be interpreted as due to adhering extraneous material deposited in ma¬ 
ture tracheary cells during post mortem changes - in the drying of sap- 
wood or during the transformation of sapwood into heartwood. A study 
of living cells in sections of differentiating xvlem reveals the fact that 
the curious processes in reality are formed by the cytoplasm during the 
later stages of the development of tracheary elements. 

It should be noted in this connection, however, that punctate appear¬ 
ances (Plate 63, fig. 15) may be produced at times by extraneous or 
coagulated material which accumulates in the bordered pits during post 
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mortem changes and particularly during the transformation of sapwood 
into heartwood. True vestured pits may be distinguished from such 
artifacts by constancy of form and distribution, as well as by differ¬ 
ential solubilities and other tests. In all the plants examined by me the 
vestured intervascular pits, when present in a species, occur in all 
vessels throughout a given specimen, in specimens from different parts 
of a tree, and in material from widely separated sources. The artifacts, 
on the contrary, are of extremely irregular and sporadic occurrence, not 
only in different specimens of a particular species, but even within the 
limits of a single section. 

DISTRIBUTION OF VESTURED PITS IN DICOTYLEDONS 

According to Record (6), pits with so-called cribriform membranes 
have been reported by Jonssen (4), Heiden (2), Ursprung (7), Moll 
and J anssonius (5), and Record as occurring in the secondary xylem of 
20 families of Dicotyledons. In most cases, the number of species and 
genera listed is so restricted that it is not possible to formulate reliable 
conclusions concerning the occurrence and diagnostic value of vestured 
pits in specific groups of Dicotyledons. In 11 of the 20 families, the 
character is recorded in a single species or genus. 

It seems advisable, accordingly, to tabulate my observations upon 
2660 species, 979 genera, 152 families, and 33 orders. Families with 
vestured pits are printed in italics in Table 1. The numbers of genera 
and species investigated in each family are recorded in the columns at 
the right. Families in which ‘cribriform pits” have been reported by 
other investigators are marked with an asterisk. 


TABLE I. 

Number of 

Orders and Families genera studied 


Number of 
species studied 


VERTICILLATAE 

Casuarinaceae 

PIPERALES 

Piperaceae 

Chloranthaceae 

SALICALES 

Salicaceae 

GARRYALES 

Garryaceae 

MYRICALES 

Myricaceae 


1 

2 

1 

2 

1 

2 
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TABLE I. (Continued) 


Orders and Families 


Number of 
genera studied 


Number of 
species studied 


LEITNERIALES 

Leitneriaceae 1 

JUGLANDALES 

Juglandaceae 5 

FAGALES 

Betulaceae 5 

Fagaceae* 7 

URTICALES 

Ulmaceae 6 

Moraceae 15 

Urticaceae 10 

PROTEALES 

Proteaceae 26 

SANTALALES 

Santalaceae 2 

Olacaceae 5 

Octoknemataceae 1 

Loranthaceae 2 

ARISTOLOCHIALES 

Aristolochiaceae 1 

POLYGONALES 

Polyyonacece* 8 

CENTROSPERMAE 

Chenopodiaceae 5 

Amarantaceae 1 

Nyctaginaceae 2 

Aizoaceae 1 

Caryophyllaceae 1 

RANALES 

Trochodendraceae 3 

Himantandraceie 1 

Cercidiphyllaceae 1 

Ranunculaceae 4 

Lardizabalaceae 1 

Berberidaceae 1 

Menispermaceae 1 

Magnoliaceae 10 

Annonaceae 16 




48 

107 

33 

52 

27 

135 

5 

6 
1 
2 

1 

48 


8 

1 

6 

1 

1 

4 

1 

1 

4 

1 

3 

1 

33 

31 
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TABLE I. (Continued) 


Orders and Families 


Number of 
genera studied 


Myristicaceae 

Monimiaceae 

Lauraceae* 

Hernandiaceae* 

RHOEADALES 

Papaveraceae 

Capparidacea 

Crucifercc 

Aloringaceae 

ROSALES 

Saxifragaceae 
Pittosporaces 
Brunei liaceae 
; unoniaceae 
Hamamelidaceae* 
Eucommiaceae 
Platanaceae 
Crossosomataceae 
Rosaceae* 
Connaraceae 
Leguminosce* 
Bauhinieae 

GERA NI ALES 

Oxalidaceae 
Linaceae 
Humiriacea? 
Ervthroxylaceae 
Zygophy liaceae 
Rutaceae 
Simarubaceae 
Burserace:e 
Meliaceae 
Malpighiacece 
Vochysiacccc * 
Trigoniaceae 
Polygalaceae 
Dicbapetalaceae 
Euphorbiaceae* 
Bridcliece 



Number of 
species studied 

6 

3 

47 

6 

4 

28 

4 

2 

9 

17 

1 

6 

9 

1 

4 

1 

77 

8 

198 

19 

1 

1 

2 

4 
7 

46 

16 

15 

56 

33 

12 

5 
4 
1 

55 

6 
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TABLE I. 

(Continued) 


— i —^ 

Number of 

Number of 

Orders and Families 

genera studied 

species studied 

SAPINDALES 

Buxaceae 

1 

4 

Coriariaceae 

1 

1 

Anacardiaceae 

20 

61 

Cyrillaceae 

2 

2 

Aquifoliaceae 

3 

12 

Celastraceae 

23 

53 

Salvadoraceae 

1 

1 

Staphy eaceae 

2 

4 

Icacinaceae 

6 

7 

Aceraceae 

1 

25 

H ippocastanaceae* 

1 

6 

Sapindaceae 

26 

48 

Sabiaceae 

2 

3 

RHAMNALES 

Rhatnnaceae* 

9 

24 

Vitaceae 

3 

7 

MALVALES 

Elaeocarpaceae 

4 

15 

T i 1 i aceae 

12 

24 

Malvaceae 

9 

11 

Bombacaceae 

5 

8 

Sterculiaceae 

9 

31 

Scytopetalaceae 

1 

1 

PARIETALES 

Dilleniaceae 

4 

14 

Eucryphi aceae 

1 

3 

Ochnacece-Exalbu minosce 

5 

21 

Albuminosae 

2 

4 

Carvocaraceae 

•/ 

i 

1 

Marcgraviaceae 

i 

2 

Theaceae 

8 

11 

Gutti ferae* 

17 

25 

Dipterocarpaccce 

8 

32 

Fouquieraceae 

1 

1 

Cistaceae 

1 

1 

Winteranaceae 

1 

1 

Viol aceae 

4 

5 
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Orders and Families 


Number of Number of 

genera studied species studied 


Flacourtiaceae 15 

Stachyuraceae 1 

Passifloraceae 3 

OPUNTIALES 

Cactaceae 2 

MYRTIFLORAE 

Oliniacecc 1 

Thymclccacecc 3 

Elaeagnaceae 3 

Lythracece* 3 

Sonneratiacece* 1 

Blattiacccc* 1 

Crypteroniacecc* 1 

Punicacea" 1 

Lecythidaceae 18 

Rhizophoraceae 13 

Nvssaceae 1 

Alangiaceae 1 

Combrctaccce* 7 

Myrtacecp* 15 

M clast omcit ace <r* 4 

Ocnotheracecc* 1 

UMBELLTFLORAE 

Araliaceae* 25 

Umbelli ferae 2 

Cornaceae* 7 

ERICALES 

Clethraceae 1 

Ericaceae 8 

Epacridaceae 3 

PRIMULALES 

Mvrsinaceae 8 

EBENALES 

Sapotaceae 11 

Ebenaceae 2 

Svmplocaceae 2 

Stvracaceae 4 
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TABLE 

I. (Continued) 


Orders and Families 

Number of 
genera studied 

Number of 
species studied 

CONTORTAE 



Oleacea?* 

16 

59 

Natluisia 

1 

1 

Forestiera 

1 

5 

Loganiacece 

6 

7 

Apocynacea 

15 

29 

Asclcpiadacecc* 

1 

p 

TUB I FLORAE 



Convolvulaceae 

1 

2 

Polemoniaceae 

1 

2 

Hydrophvllaceae 

1 

i 

Boraginaceae 

5 

19 

Verbenaceae 

12 

29 

Labiatae 

4 

6 

Solanaceae 

6 

11 

Scrophulariaceae* 

6 

9 

Bignoniaceae 

11 

25 

Gesneriaceae 

1 

1 

Myoporaceie 

2 

3 

RUB I ALES 



Rubiacea* 

41 

78 

Capri foliaceae* 

5 

18 

Dipsacaceae 

2 

2 

CUCURBITALES 



Cucurhitaceae 

i 

2 

CAMPANULATAE 



Cornpositae* 

12 

21 


DIAGNOSTIC VALUE OF VESTURED PITS 


In the material examined by me, true vestured pits are either present 
throughout the secondary xylem of a species or genus or are entirely 
absent. A similar constancy in the presence or absence of these struc¬ 
tures appears to prevail in most families of Dicotyledons. In only four 
of the 152 families tabulated in Table 1, have I encountered vestured 
pits in certain representatives of a family and not in others. It should 
be noted in this connection, however, that in three of the four families 
the distribution of vestured pits correlates with major subdivisions. 
Thus, in the Leguminosae, the vestured pits are present in all the species 
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and genera examined, with the exception of the Bauhinieae, whereas in 
the Euphorbiaceae they are absent except in the Bridelieae. They are 
present in the Exalbuminosae of the Ochnaceae, but appear to be absent 
in the Albuminosae. In other words, the Oleaceae, are the only family 
in which the distribution of vestured pits fails to correlate closely with 
the systematic classification. 

It may be objected that cribriform structures have been reported in 
representatives of 13 families which are not italicized by me. These 
families are listed in Table 2. 


TABLE 2 


Families 

Genera and species 

Reported by 

Fagacese 

Quercus alba L. 

Jonsson (4) 


Q. Cerris L. 

a 


Q. pedunculata Ehrh. 

a 


Q. obtusiloba Michx. 

a 

Lauraceae 

Numerous genera and species 

Janssonius (3) 

Hernandiacese 

Hernandia peltata Meisn. 

ii 

Hamamelidaceae 

Altingia excelsa Nor. 

Moll & Janssonius 

(5) 

Rosaceae 

Cerasus serotinus hort. 

Jonsson (4) 


Prunus brigantiaca Vill. 

a 

H i ppocastanaceae 

Aesculus Hippocastanum L. 

i 4 


A. rubicunda hort. 

it 

Rhamnaceae 

Phvlica ericoides L. 

* 

ii 

Gutti ferae 

Calophyllum Inophyllum L.’ 

Lrsprung (7) 


C. Calaba Jacq. 

Record (6) 

Araliaceae 

Hedera helix L. 

Jonsson (4) 

Cornaceae 

Mastixia trichomata Blume 

Moll & Janssonius 

(5) 

Scrophulariaceae 

Veronica Andersoni hort. 

Jonsson (4) 

Capri foliaceae 

Viburnum sundaicum Miq. 

Janssonius (3) 

Coinpositae 

Helichrysum moniliferum hort. 

ii 


Obviously it is essential to determine whether the “sievelike’’ appear¬ 
ances reported by Jonsson and others are due to the presence of ves¬ 
tured pits or to artifacts such as are produced during post mortem 
changes or during the transformation of sapwood into heartwood. 

As indicated in Table 1, true vestured pits do not occur in any of 
the 107 species of Fagaceae that I have studied. Nor have I succeeded 
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in finding them in any of the numerous specimens of Quercus alba, Q. 
Cerris, Q. obtusiloba, or Q. robur L. (Q. pedunculata Ehrh.) that I 
have investigated. Not only are vestured pits entirely absent in 19 
genera and 47 species of the Lauraceae and in 77 species and 24 genera 
of the Rosaceae, but also in numerous specimens of the I'runoideae, 
i. e., Prunus and its subgenera Prunophora, Amygdalus, Ccrasus, and 
Padus. Similarly. I have been unable to find vestured pits in Altingia, 
the Bucklandieae, Altingieae, Parrotieae, and Hamamelideae of the Hama- 
melidaceae; in Aesculus Hippocastanum, and five other species ot the 
Hippocastanaceae; in the Zizypheae and Rhamneae of the Rhamnaceae; 
in Calophyllutn Inophyllutn and other Caiophylloideae of the Guttiferae; 
in Hedera helix and 65 other representatives of the subgroups, Scheff- 
lereae and Aralieae, of the Araliaceae; or in the Mastixioideae and Cor- 

noideae of the Cornaceae. 

Although I have failed to find true vestured pits in any of the families 
listed in Table 2. I have frequently encountered artifacts of various 
types. In such genera as Quercus, Altingia, •C alophyllum, Hedera, 
Mastixia, etc., these artifacts may produce a punctate appearance 
which close y simulates that of vestured pits. Therefore, in view of 
the fact that punctate appearances were interpreted as evidence of a 
sievelike structure, it is not surprising that the species in Table 2 were 
recorded as having pits with cribriform membranes. 

It should not be inferred from this that more detailed and extensive 
surveys may not reveal the presence of vestured pits in additional 
families of Dicotyledons. The vestured condition appears to have 
arisen independently a number of times. To assume that all plants 
with vestured pits are closely related or are derived from common 
ancestors which possessed such structures leads to a reductio ad ab- 
surdum. Vestured pits occur in the more highly specialized types ol 
tracheary tissue and are absent in plants which have a primitive com¬ 
bination of structural characters in the xylem. If vestured pits have 
arisen independently a number of times, it is not unlikely that genera 
may ultimately be found in which these structures are present in certain 
species and are absent in others. It may be inferred, however, from a 
statistical analysis of Table 1, that sporadic distributions of vestured 
pits are likely to be of relatively infrequent occurrence in the case of 
subgenera, genera, and subfamilies. 

That vestured pits are extremely useful diagnostic criteria in the 
systematic study of woods was clearly demonstrated during the course 
of the present investigation. Most collections of wood specimens, even 
when accompanied by herbarium specimens, contain a varying number 
of errors. In other words, the fact that an herbarium specimen and a 
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sample of wood bear the same number is unfortunately no guarantee 
that both specimens came from the same tree or that the herbarium 
specimen was correctly identified. Collections of woods commonly 
pass through a number of hands and may be subdivided, renumbered, 
or relabeled. Furthermore, transpositions are likely to occur during 
the preparation of microscopic slides unless a painstaking system of 
checking and rechecking is employed. In my reconnaissance of Dico¬ 
tyledons, I encountered true vestured pits in slides of putative repre¬ 
sentatives of a number of families which are not italicized in Table 1, 
and, conversely, ordinary bordered pits in families which are italicized. 
In all these families, with the exception of the Oleacese, the aberrant 
specimens proved to be errors which could thus be eliminated from the 
collections. 

Similar combinations of anatomical characters occur not infrequently 
in the woods of families which are widely separated in the systematic 
classification of Dicotyledons. For example, the secondary xylem of 
the Osage Orange, Maclura pontijera (Raf.) Schneid., so closely re¬ 
sembles that of the Black Locust, Robinia pseudoacacia L., that it is 
extremely difficult to distinguish the woods by anatomical criteria. The 
woods of the two genera may be identified with certainty, however, by 
the fact that vestured pits occur in Robinia and are entirely absent in 
Maclura. 

As indicated in the accompanying text figures and photomicrographs, 
the number, size, and form of the refractive processes vary considerably 
in different plants. In certain species and genera the processes are 
confined to the intervascular pits, whereas in others they may occur as 
well in the half-bordered pit-pairs, in the fiber tracheids, or upon the 
inner surfaces of the tracheary walls. Such differences may obviously 
be utilized as diagnostic criteria in the systematic study and classifica¬ 
tion of woods. 

SUMMARY AND CONCLUSIONS 

1. Many of the structures in the tissues of the higher plants which are 
hypothesized as evidence for the existence of protoplasmic connec¬ 
tions can not be interpreted as such. 

2. The so-called sievelike appearance of the pits in the vessels of 
Leguminosae and of other families of Dicotyledons is not due to 
perforations of the pit membranes, but to minute outgrowths from 
the free surfaces of the secondary walls. 

3. These refractive processes which vary considerably in size, number, 
and form are not confined to the pit-chambers in all cases, but may 
occur on the inner surface of the secondary walls of the vessels. 
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4. They appear to be restricted to tracheary elements; in half-bordered 
pit-pairs they are present in the bordered pits of the tracheary 
elements, but are absent in the simple pits of the adjoining paren¬ 
chymatous cells. 

5. Pits which have these refractive processes may be referred to as 
vestured. 

6. In the Dicotyledons (2660 species and 979 genera) examined by 
me, vestured pits are either present throughout the secondary 
xylem of a species or genus or are entirely absent. A similar con¬ 
stancy in the presence or absence of these structures appears to 
prevail in most subfamilies and families. 

7. Vestured pits, therefore, are of considerable value both in the sys¬ 
tematic study of woods and in discussions concerning the relation¬ 
ships and classification of specific groups of Dicotyledons. 
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DESCRIPTION OF PLATES 

Plate 61 

/'rosopis julijlora DC. Surface view of bordered pits, showing 
toothed appearance of pit apertures. X 2500. 

Ihtabatu/a molucciitm Plume. Surface view of bordered pits, 
showing finely punctate appearance. X 1900. 

Fuchsia Colcusoi Hook. f. Surface view of bordered pits, 
showing toothed appearance of elongated pit apertures. X 2500. 
Tihouchina mutahilis Cogu. Surface view of bordered pits, 
showing mats of branching and anastomosing processes. X 2500. 
CHwbrctum species. Surface view of bordered pits, showing 
coarsely punctate appearance. X 2500. 


Tour. Arnold Arr., Yol. XIV. 


Plate 61 



Vestured Pits in Dicotyledons 





















